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Abstract
The mvshgahons of the prepmmn md physlcochcmml process of lbe HA nanostructured
- powder with high perfomance have been performed at present study The HA pmparauon starts from

the ethanof solution of calcium nitrate M-a-hydrate and phosphorous pentoxide as raw matesials, The ,'

characterization of the effects of reacting tempaatures on preparation, the u'ystalhne degrees (some
amorphous HA formed at cenam condition), of the mctmg products are carried out in the meanwhite,
The physicochemical pmmss and the conditions for different reactions stages of the HA preparation
have been traced and charadenud by the TG-DTA (thermogravimetric and differential thermal
m!ysls) the FTIR (Fomcr-transfonned infrared spectroscopy) and other methods. The investigations
of the chemical reactions for the HA preparation show that the symhms of HA is completely finished
. #t the temperature of 500 for hours. The grain sizes and shapesoftheHA reacting products .are

observed and characterized by the TEM and the XRD. The results show that the mean diameters of

these product grains are as fine as 30-40nm at the temperature of 500 . The XRD pettern of the

. present HA powders sintered at 500 for 2h coincided very welf with the JCPDS standards showmg

its supenorpurny and therefore, with really high pu'rmnance for later npphwions

1. introdwetion
Hydroxyapatite, Ca,dPO,),(OH) commonty refemd to as HA 6r Hap, has attracted widespread

interest because of its excellent Imeompat‘blhty and bloactmty Bemg the mJor inorganic constituent
of bone HA can provide a chemicsl bond to the bone and gradually rcplaced by bone. Hence, HA has”

become am attractive matesials for hard tissue unplants"

Conventionally, HA powers can be prepared by several methods such as wet precipitation melhodz
dry method®, hydrothermal methad®, sol-gel method* ", ete. e .

The- advantages of sol-pel technique include: increase of the homogenelty due to rmxmg the
Tezpents on _the molecular scale; decrease of the heating temperature due to small particle size with
high siirface areas: ahility to prodnce uniform finc-grained structores.

Variovs processes and reagents have been used to prepare the HA powder and eoat:ng Pieme™® et
al. wse calcium ghethomde(Ca(OEg);) and orthophosphoric acid(H,P0,)as the mgentsr Masuda' etal,
and Chai CS et al. * have prepared HA coating using Calcium diethoxide (Ca(OE!);) and triethyl
phosphate (PO{OE!); ). CM.Lopatin® et al. form the sol with a hydrated solution of N-buty} acid
Phosphate and calcium nitrate tetrahydrate dissolved in 2.methoxyethanol. The reagents such as
calcium diethoxide and tricthy) phosphate are expensnve it is necessary to find the cheaper reagents in
order to produce nanosized HA powder in Jarge quantities. Wenjian Weng'™"" has ever used the ethano)
solution of calcium nitrale tetrahydrate and phosphorus pentoxide to prepare the HA coating on the
different sqbsrm:. The reagents are cheap but the process is .complcx because the mixed ethano!
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sohition of calcium nitrate telmhydrale and phosphorus pentoxide need to be reﬂuxed for 24h.

“The sim of this paper s fo prepare the nanosized HA powders with the chmpwacunt and simple
process. The results would try to itlustrate the physicochemical process of HA preparation with ethanol
solution of calcium nitrate tetrhydrate and phnsphuv(ms pentoxide.

2. Experimental procedures

Reagent grade Ca(NOW:-41,0 and- P40y sirc dissolved in elhanul wlulmn according to Ca/P=<1.67
respectively. The ethanol solution of P10, is slowly dropped into the stimed Ca{NO;1-4H,0 ethanol
solition and then the mixture fum into transporent sol afier being continuously stitred for 10min. The

mixture is dried at 80°C for 24h and trns yellow powder. Afierwards, it is ground into powder with a -

mortar and pestle. The powdcr is divided into three groups. The first group is used to perform the
TG-DTA test with the heating rate of 10°C/imin from room temperature fo 1300°C. The second group is
used to perform the FTIR test. Aficr gening the results of TG-DTA, the exothermic and mdothermnc
peaks and their corresponding temperatures are obtained. In arder to investigate the components of the
powder, the second group is sintered on Nicolet Magna 750.spcclrom'ctcr with the heating rate of 10°C

Imin. The FTIR spectra ‘are obiained in sitn at temperature to which the 'main'exolbennic and -
endothermic peaks tespond. The last group is sintered af different femperature and cooled to room -
- temperature fo be characterized by XRD pattems{Model: D/inax, Japan). Data are collected over 20

range from 20 (o 60°, Identification of phases is camried oul by comparing the diffraction data with’
JCPDS standards. The morphology and size are obtained by TEM(Model: H800, Japan). The s;nple is
dispersed by ulirasound in ethanol for Smin and then deposit on a copper grid for transmission clectron
microscopic observation. The crystal size is-estiniated from mlcmgrapb ’

.. 3.Resulisand: discussion

3.1, TG-DIA vexults

Fig.? i the TG-DTA curves of the mixture, The TG curve includes two ﬂages in the first stage (0—-

600°C), the ‘weight decrease quickly and aboul total 64.92% weight loss is observed. weight loss is
possibly duc 1o cv::pumlmn of water and ethanol and bum of the residual solvent. In the second
slagc(ooo- 1400°C), the weight decreases slowly anda 1o|al wcnghl loss or is just only 3.83%

WMo iy . . om

Figure 1 TG-DTA curve of the HA powders -
The results of DTA are consistent with those of TG. The DTA é_urvc shows thatthere are about four
exothermic peaks situated at 102.1,195.3,825.8,1047.8°C. The exothermic peaks at 102,1,1953°C are
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due to bum of organic. The exothermic peaks at 825.8,1047.8°C indicale the onset of crystallization.
There are 'slso “six endathermic pesks situated at 49,15 1,273.9,463.3,545,741.7,1138.9°C... The
endothermic peaks at about 49,154,273.9.463.3,545°C are stiributed 1o the evaporation of fre water
and ethanol o Toss of structural water. The endothermic peak at 1138.9°C poss:‘bly shows that the HA
decompose into B-TCP and C20. The HA prepared by wei precipitation method bcgan to decompose at
sbout 1300-1400°C the temperature of decomposition of HA prepared by sol-gel méthod is only
1389C dmmlhesmllsnzeandhgsurfaceamofgmm -

32 IRresubs . .

In order to investigate the composition omie mixture at 80,102,151,195.273,350, 463°C(tbe main
several exothermic and endothermic peaks are present at these temperature in TG-DTA curves). the IR
speetra of the mixlure sintered at diﬂ‘mnt femperature are obtained in situ. The results are shown in
Figure 2 (a),(b).(c).(d)(e) (), (2), nspechvely. ]

Rpe— -t s et & - osisami cen [,

aael

P:gurc 2 FIR. corve of HA samples heated at different temperatures
" InFigure 2, the bands at about 1363 and 835 cm™ " are attributed to the NO,™ ions . In Figure 2 (a),
the strong peaks at 3458 and 1637cm™ arc attributed 1o water from ethanol or Ca(NO;)MH»O n
Figre 2 (a)\®)(c)(d), the peaks ‘st about 1236,1064920,813742 cm = ' assigned 1o
PO(OH),.,(OR), *are pment, suggs!mg that the mixture is mnmly composed of Ca(NO,), and
PO(OH),.,(OR), from 80 1 195C. In Figure 2 _(e),(f).(g),ﬂ)e bands al sbontY031 41060, 603,563 cem™
) are asngned to PO, indicating the mrxture maybe mamly consists of HA, Ca(NO,), and B-Ca.P;0,.

It can be seen from Fi Figure 2 that the shapes of (a),{b),(c),(d) are similar and the shapes of (e),(f),(g}
are also similar. But the shapes of the two groups are obvipusly different. On one hand, the peaks at
about 1236,1064,920,813,742 cm”’, present in Figure 2 (3),(b),(c),(d),disappear from Fi igure 2
(e)(D.(8), indicating that PO(OH); »(OR), decomposes before 273°C.On the other hand, the intensity

" of peaks at about 1031 em™* wm stronger in Figure 2 from (a) to (b), siiggesting that the amount of HA *

increases with the elevated temperature. These results are consistent with the following results of XRD
pattemns,
3.3 XRD results . .

Fig.3(2),(b).(c).(d),(e).(N.(g) are the XRD pattems of mixture sintercd at 200,300,400,500,800 and
1200°C.




Figure 3 The as-prepared powders heated at different temperature for Zﬁ
@20C  (6)300T ()400C (2)SHOT  (b)SOOT (c)1200°C

. @ A, ®-Ca(NOy) 3 #—0CsP0p A—B-TCP. B--C20

AV200°T, the mixture consists 0 Ca{NO,); and 3 small amount of amorphous matter(acconling to
IR analysis, this kind of organic matter is PO{O11),.(OR),). At 360°C and 400°C the peaks of HA and
Ca0 is present. This shows that the r_nixmfc is compused of Ca{NOy). , @ -Cay,PyO,HA and Cz0. In
addition. it can be scen that the amount of HA increase while the amount of Ca(NO,), decrease with
the increase of femperature. At 500°C, the pcnks. atiributed 10 C2{NO,); and @ -Ca,P,0; disappeas
unnplctely..‘l'hg: XRD mllcrﬁs arc identical lo HA. The resubts in 1able 1 also showed that sample
sintored at 500°C for 2h is pure DA compared with the JCPDS standards (JCPDS#9-432). The XRD
paticms at 800°C and 12007 arc similar with the patiers st 500°C. The slight differences are that
XRD paticrn of HA powders sintered at 500°Cexhibit broad pesks and turned shatper at 800°C and
1200°C. proving that HA erystafiize gradually with the increase of temperature. Additionally, a trace
amount of ﬁ-'l'(‘l’}]&-(' a,@POJ)g) and CaO are detected in the pattern ut 800 and 1200°C

Table 1. Comparison of A somples values heated

at 500 for 217 with the JCPDS smndards(#‘?-ﬁi)__

- Dhbserved “JSPDS(#9-432)

namber (A) intensity  D(A) imtensity Bkl
) 2815 100 2.814 160 22U
2 27m9 6 110 60 300
3 2.778 59 2718 60 12
4 3.443. 9 344 40 002
5 1.839 ] 1841 40 213
6 193 37 143 3 222
7 2,627 26 2.631 25 202
8 2.263 27 2.262 20 30
9 3.081 16 3.08 18 210
10 190 17 1.890 16 212

When the cthinol solution of caleium nitmte wirshydrate and phosphoris pentoxide are mixed
together. The reactions are as follows':

Pa0c+31L0 —— 211,P0,
(3-X)CalONHLPO, ———P PO{OIN(OCH ) x #(3-X1H,0
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CHNO,}+2C;HOH —— Ca(CHOL+2HNO, - (3)

Ca(NO;), +H,P0, —— CsHPO, + HNO, )
From 200 to 500, The process can be deséribed as £q. (5)(6).7),(8)" _
2CaHPO, —P HOC:P0; _ e
Ca(OC:H;), + H,0———PCa0 + 2C:H:0H - ®
3CaP,0; + Hi0-HCu0 ——P CanfPOMOH): (1)
10Ca(NO,); + 6PO{OH)(OCH)sx + Q04XMHO s _
Ca,o{POL)(OH), +6(3-X)C:H,0H +201INO; ®)

The results of Figure 3 have proved that the mixture are composed of C32P207 ,Ca0, HA. The
amount of HA i increases with the increase of température. The reactions o prepare HA in Eq. (7),(8)

are finished at SpO .
. " ' )
A amount of HA begins to decompose over 800 as described in Eq. (9)

CaiPOMOH): — . 3Ca; (POy) $+CaOHH0 - ®
" In short, the resulis from XRD pattcrns arc consistent with the results of IR analyses and TG-DTA

resuls. The mixture consists of Ca(NOs};, HA, PO(OH)L.{OR),. @-CazP,0yand Ca0 from 200 to

S00T. At S00'C, mixture is mainly composed of HA. The morphology of the HA powder sitered a1
S00C for 2k is shown in Figure 4. The individual particles are uniform. The size is about as big as
30-40nm. At 800'C 1200°C, the mixture is composed of HA ,  trace amount of B-TCP and Ca0.

3

=+ 100nm

F'gum4 Tmmmnmn cleclmn micrograph of HI\ grains heated at 500°C for 2h _
4.Conclusion -

Nanosized HA powd:rs en be pmparcd from cthanol solution of Ca(NO,)- 4H,0 and P;05 by

so!-gcl method. The reactants are cheap-and the process is' simple withont refluxing. The resulis are -
_encouraging because the advantages offered by this process can make it possible to produce the

nanosized HA powdcr at low cost in krge quantities. The size of hydroxyapatite crystal sintered st 500
T for 2h is as finc as sbout 30-40nm. The synthesis of HA is finished unfil about 500°C. From 200 1o
500°C,The mixture is composed of amérphous HA, Ca(NO;),s, PO(OH);. . OR),, & -Ca:P;0;. A trace
amount of B-TCP and CaO are present due to the decomposition of HA afier 800°C,
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